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PRELIMINARY AMENDMENT 



Sir: 



Prior to the examination of this application, please amend the application as follows: 
IN THE CLAIMS: 

Please amend the claims as follows: 
Claim 7, line 1 thereof, delete "to 6". 

Claim 14, line 1 thereof, change "any of claims 8 to 13 " to —claim 8— . 

REMARKS 

The amendment herein to the claims is made to delete the multiple dependency of 
Claims 7 and 14. 

It is believed that the application is in proper form for examination and such action is 
respectfully solicited. 



HOFFMANN & BARON, LLP 
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Syosset, New York 1 1791 
(516) 822-3550 
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Rod S. Turner 
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SPECIFICATION 

Damascene Interconnection and Semiconductor Device 

TECHNICAL FIELD 

This invention relates to damascene interconnections and semiconductor devices. 
More particularly, the invention relates to a damascene interconnection having a bonding 
pad formed by a pad trench and a metal or conductive film filling the pad trench, and to a 
semiconductor device using same. 

PRIOR ART 

Recently, so-called the damascene process has being adopted in providing 
multilevel interconnections for a semiconductor device having a metal or conductive film 
buried in the insulating film. 

Briefly explaining a general damascene interconnection, an insulating film 2 
formed on a semiconductor substrate 1 as shown in Figure 1(a) is etched using a mask of 
resist 3 patterned corresponding to an interconnection, as shown in Figure 1(b), thereby 
forming a trench 4. After removing away the resist 3, a conductive film 5 is formed 
covering the trench 4 as shown in Figure 1(c). Then, the conductive film 5 in areas other 
than the trench 4 is removed in a polishing process using, for example, a Chemical 
Mechanical Polish process (hereinafter referred to as "CMP process"), as shown in Figure 
1(d). 

It is known that, where removing the conductive film 5 by the CMP process, the 
greater is the opening area of the trench the higher is the polish rate on the conductive film 
buried in the trench, as shown in Figure 2. There encounters no especial problem in 
regions having a small trench opening area, such as in usual interconnections. However, 



in regions having a large trench opening area, such as a bonding pad 6 shown in Figure 3, 
the conductive film 5 in the trench is polished into a dish-like form by an abrasive as 
shown in Figure 4, thus resulting in so-called dishing. Due to this, there are cases that 
disconnection or increase of resistance occurs in a central portion A where the wall 
thickness is reduced when providing connection between the bonding pad and the IC 
frame. 



SUMMARY OF THE INVENTION 

Therefore, it is a primary object of the present invention to provide a novel 
10 damascene interconnection and semiconductor device. 

Another object of the invention is to provide a damascene interconnection capable 
of preventing resistance value increase or disconnection caused by dishing in a bonding 
pad, and a semiconductor device using the same. 

A damascene interconnection according to the present invention, comprises: an 
15 interconnection trench formed in an insulating film and a pad trench communicating 

therewith; a protrusion formed by a portion not removed of the insulating film in the pad 
trench to decrease a substantial opening area of the pad trench; and a conductive film 
buried in the interconnection trench and the pad trench. 

In the case of using such a damascene interconnection for a semiconductor device, 
20 such a semiconductor device, comprises: a semiconductor substrate; an insulating film 
formed on the semiconductor substrate; an interconnection trench formed on the 
insulating film and communicating with a semiconductor element; a pad trench formed 
on the insulating film and communicating with the interconnection trench; a protrusion 
formed by a portion of not removed of the insulating film in the pad trench and reducing a 
25 substantial opening area of the pad trench; and a conductive film buried in the 
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interconnection trench and the pad trench. 

When removing the conductive film by a CMP process or the like, the protrusion 
dividing the pad trench serves as a stop of polishing by an abrasive. Consequently, so- 
called dishing will not occur that the conductive film in the pad trench is excessively 
5 removed. Thus, according to the invention, it is possible to prevent a bonding pad from 
being increased of resistance or causing disconnection resulting from dishing. 

The protrusion may be formed not to divide the conductive film buried in the pad 
trench, or formed to divide the conductive film. However, where the conductive film is 
divided, another means is required to electrically couple together divided conductive film 
10 portions. The other means may be a contact hole for connecting between the conductive 
film formed in the insulating film and a conductive film arranged in a level lower than the 
insulating film. It should be noted that the contact hole is effective also where the 
conductive film in the pad trench is not divided by a protrusion. 



The above described objects and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following detailed description 
of the present invention when taken in conjunction with the accompanying drawings. 



15 



The protrusion includes, in one embodiment, island protrusions distributed in a 
proper interval in the pad trench, and in another embodiment ridges. 



20 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 is an illustrative view showing a process for a general damascene 



interconnection; 



Figure 2 is a graph showing a usual polish characteristic in CMP; 



Figure 3 is an illustrative view showing a prior art; 



25 



Figure 4 is a sectional view on line IV-IVin Figure 3; 
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Figure 5 is an illustrative view showing one embodiment of the present invention; 
Figure 6 is a sectional view on line VI- VI in Figure 5; 
Figure 7 is an illustrative view showing a method for forming the Figure 5 
embodiment; 

5 Figure 8 is an illustrative view showing another embodiment of the invention; 

Figure 9 is an illustrative view showing another embodiment of the invention; 
Figure 10 is an illustrative view showing another embodiment of the invention; 
Figure 11 is a sectional view on line - in Figure 10; 

Figure 12 is an illustrative view showing another embodiment of the invention; 

10 and 

Figure 13 is an illustrative view showing another embodiment of the invention. 



BEST FORM FOR PRACTICING THE INVENTION 

A semiconductor device 10 of this embodiment shown in Figure 5 and Figure 6 
15 includes a semiconductor substrate 12 formed, for example, of silicon (Si) or the like. 

Note that the semiconductor substrate 12 may use any of other materials. Semiconductor 
elements, including active and/or passive elements, are formed on the semiconductor 
substrate 12, although they are not shown in the figure. 

The semiconductor device 10 comprises a damascene interconnection 11 
20 including, on the semiconductor substrate 12, an interconnection trench 16 extending 
from the semiconductor element (not shown) and a pad trench 18 connected to the 
interconnection trench 16. That is, an insulating film 14 is formed, for example, of silicon 
oxide (Si0 2 ) in a uniform film thickness on the semiconductor substrate. In the insulating 
film 14, the interconnection trench 16 and the pad trench 18 connected therewith are 
25 formed. The insulating film 14 may use any of other materials. 
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Note that Figure 5 and Figure 6 illustrate the insulating film 14 formed directly on 
the surface of the semiconductor substrate 12 in order for simplifying illustration and 
explanation. However, in the actual semiconductor device, one or a plurality of 
semiconductor element layers are formed on the semiconductor substrate 12 as well 
5 known in the art and an interconnection layers is formed as required on each of such 
semiconductor element layers. The interconnection trench 16 provides electrical 
connection between the semiconductor element (not shown) and the pad trench 18. The 
pad trench 18 serves as a bonding pad on which wire-bonding is to be made to a not- 
shown IC leadframe. That is, the pad trench 18 is a connection terminal to provide 
10 electric conduction of the semiconductor element on each layer to and from the IC 
leadframe. 

It has been a conventional practice to form such a damascene interconnection 11 
by merely filling a conductive film, such as of copper (Cu), aluminum (Al) or tungsten 
(W), in the interconnection trench 16 and pad trench 18. 

15 In this embodiment, however, the following devising is implemented on the pad 

trench 18 comparatively large in opening area, in order to prevent against dishing as 
stated before. That is, the pad trench 18 has an insulating film 14 formed to be left as an 
island-spotted form. Consequently, the pad trench 18 is divided into unitary portions by 
island protrusions 20. However, the island protrusions 20 do not separate one portion 

20 from another portion of the pad trench 18, i.e. the pad trench 18 is continuous in areas 

except for the island protrusions 20. That is, the pad trench 18 in this embodiment has a 
large opening size but is reduced in substantial opening area by the presence of the island 
protrusions 20. Specifically, in this embodiment the pad trench 18 has a side determined 
as approximately 50 - 200 PL m and an interval of the protrusions 20 determined as 

25 approximately 5 - 20 PL m. 
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In the pad trench 18 thus having the island-spotted protrusions 20, a conductive 
film 22 is formed using a metal as mentioned before or conductive material in a manner 
similar to that of the interconnection trench 16. Thus, the semiconductor element (not 
shown) on the semiconductor device 10 is electrically coupled through the conductive 
5 film 22 buried in the interconnection trench 16 to the pad trench 18, i.e. the conductive 
film 22 buried in the pad trench 18. Due to this, by bonding a wire (not shown) to the 
conductive film 22 formed in the pad trench 18, the semiconductor element is put in 
electrical connection to the wire, i.e. to the IC leadframe. 

Hereunder, explanation is made on a method to concretely manufacture a 

10 semiconductor device 10 of the embodiment having a damascene interconnection 11 as 
described above, with reference to Figure 7. Incidentally, in Figure 7 an insulating film 
14 is formed directly on a surface of a semiconductor substrate 12. It should however be 
noted that the semiconductor device 10 in practical has a proper number of semiconductor 
element layers as stated before and Figure 7 depicts an interconnection structure having 

15 only one layer for the sake of convenience. 

An insulating layer 14 is formed on a semiconductor substrate 12 by thermal 
oxidation process or the like, as shown in Fig. 7(a). Thereafter, the insulating film 14 is 
masked with patterned resist 24 to leave island protrusions 20. Etching is made to form 
an interconnection trench 16 and a pad trench 18. At this time, a plurality of island 

20 protrusions 20 are formed in the pad trench 18. After removing the resist 24, a conductive 
film 22 is formed over an entire surface of the semiconductor substrate 12 including the 
interconnection trench 16 and pad trench 18 by a CVD or hot sputter process, as shown in 
Fig. 7(c). Then, the conductive film 22 on the insulating film 14 is removed as shown in 
Fig. 7(d) by a CMP process. 

25 In the CMP process, the semiconductor substrate 12 (including the insulating film 
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14 and the conductive film 22) is urged onto a polishing pad mounted on a polisher table. 
The table and the substrate holder are relatively rotated while supplying to the polishing 
pad a slurry containing abrasive particles. When the conductive film 22 on the insulating 
film 14 is removed, the polishing operation is finished. In this case, the abrasive particle 
5 for polishing is selected of kind (material, particle size, etc.) such that in CMP a polish 
rate on the insulating film 14 is lower than a polish rate on the conductive film 22. 
According to an experiment conducted by the present inventors, the polish rate in 
concrete is desirably given as (polish rate on the conductive film 22) / (polish rate on the 
insulating film 14) ^ 20 to 10. This is because in CMP the conductive film 22 on the 

10 insulating film 14 needs to be removed as rapid as possible. However, the insulating film 
14 should be prevented from being damaged due to polishing, and the island projections 
20 are to prevent over-polish to the conductive film 22 of the pad trench 18. 
Consequently, there is a necessity of providing the insulating film 14 with greater polish 
resistance than that of the conductive film 22. 

15 According to this embodiment, in the process of removing the conductive film 22 

(Figure 7(d)), the protrusions 20 (insulating film 14) having a low polish rate acts such 
that the conductive film 22 is decelerated in proceeding of polishing by the polish pad. 
Thus, the conductive film 22 in the pad trench 18 can be prevented from being removed to 
an excessive extent. This in turn makes it possible to prevent the pad trench 18 from 

20 increasing in resistance or occurrence of disconnection due to dishing. 

That is, in the conventional art shown in Figure 3 and Figure 4, because the pad 
trench 6 is contacted in its entire opening by a polish pad (not shown), the pad trench 6 
having a large opening area is partly over-polished into a result of dishing. On the 
contrary, in this embodiment, despite the pad trench entirely is large in opening area, the 

25 opening is divided into unitary portions wherein the opening area is small if considered 
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on a portion sandwiched between the island protrusions 20. Due to this, over-polish will 
not occur. As a result, a conductive film 22 in the pad trench 18 is given a planar surface 
as shown in Figure 6 and Figure 7(d). 

In this manner, in the present invention, where using a CMP method having a 
polish characteristic that the polish rate increases with increase in opening area, the 
forming of protrusions in the pad trench reduces the substantial opening area thereby 
preventing dishing. 

Incidentally, the protrusions 20 may be in a form to divide the pad trench 18 into 
portions. The shape of a protrusion may be a straight line as shown in Figure 8 or a 
squared-spiral form as shown in Figure 9. 

That is, in the embodiment shown in Figure 8, a plurality of protrusions or ridges 
20 are formed extending from respective outer edges of four sides of a rectangular pad 
trench 18. It should be noted that, in also this case, the other areas of the pad trench 18 are 
continuous with one another. In also this embodiment, the substantial opening area is 
reduced in the areas of between the protruding ridges 20, between protruding ridges 
extending from different sides and between the protruding ridge 20 and the inner edge of 
the pad trench 18. 

In the embodiment of Figure 9, a pad trench 18 has one ridge 20 formed in a 
squared-spiral form. In the Figure 9 embodiment, because the ridge 20 is in the spiral 
form, the pad trench 18 is not divided into. In this manner, by forming the ridge 20 in the 
spiral form, the opening area is substantially reduced in the areas of between portions of 
the ridge 20 and between the ridge 20 and the pad trench 18 inner edge. 

Meanwhile, if necessary, connection holes or contact holes 26 may be formed 
through a bottom of the pad trench 18 to provide electrical connection between the 
conductive film 22 and a not-shown lower-level conductive film through these contact 



holes 26. 

Explanation is made in detail on an embodiment having contact holes 26 formed 
through the insulating film 14, with reference to Figure 10 and Figure 11,. This 
embodiment is to be applied to a semiconductor device having another layer formed in a 
5 level lower the insulating film 14, as shown in Fig. 11. That is, another insulating film 28 
is formed on a semiconductor substrate 12, and further another conductive film 30 is 
formed on the insulating film 28. The insulating film 14 is formed on the conductive film 
30. In a bottom of the pad trench 18, a plurality of contact holes 26 are formed 
penetrating through the insulating film 14. When forming a metal or conductive film 22 

10 in the pad trench 18, a metal or conductive material thereof is also filled in the contact 
holes 26 to provide electrical connection between the upper-leveled conductive film 22 
and lower-leveled conductive film 30. By thus forming the contact holes 26 in the pad 
trench 18 and connecting between the conductive films 22 and 30, it is possible to 
eliminate the disadvantage as feared upon forming protrusions 20 in the pad trench 18. 

15 That is, the protrusions or ridges if formed in the pad trench 18 results in volume 

decrease of the pad trench 18, i.e. volume reduction of the conductive film 22 of the pad 
trench 18. It is to be feared that the bonding pad be increased in electric resistance by 
volume reduction in the conductive film 22 of the pad trench 18. However, the 
conductive film 22 if coupled to the conductive film 30 as in the Figure 10 and Figure 11 

20 embodiments increases the effective volume of the conductive film 22, thus properly 
suppressing the electric resistance from increasing. 

In an embodiment shown in Figure 12, contact holes 26 are added to the structure 
of the Figure 8 embodiment to thereby make the conductive film 22 of the pad trench 18 
integral with a lower-leveled conductive film. 

25 In an embodiment of Figure 13, a ridge 20 is formed in a closed-loop form in a 
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manner different from the Figure 9 embodiment. Accordingly, in this embodiment the 
conductive film 22 of the pad trench 18 is divided into portions, in a manner different 
from the above embodiment. In this case, the contact holes 26 are especially effective. 
That is, the formation of contact holes 26 connects the conductive film 22 of the pad 
trench 18 to a lower-leveled conductive film 30 (Figure 11). Consequently, the divided 
portions of the conductive film 22 of the pad trench 18 are electrically coupled together 
through the conductive film 30. That is, in the Figure 13 embodiment, the ridge or 
protrusion 20 is formed in a closed-loop form. However, there encounters no problem 
with disconnection in the pad trench 18 due to the protrusion or ridge 20 because the 
conductive film 22 is coupled to the lower-leveled conductive film through the via holes 
26. 

Incidentally, in the present invention, the protrusion or ridge for reducing the 
actual opening area of the pad trench may be provided in plurality in the pad trench or 
employed one in number. 

Although the present invention has been described and illustrated in detail, it is 
clearly understood that the same is by way of illustration and example only and is not to 
be taken by way of limitation, the spirit and scope of the present invention being limited 
only by the terms of the appended claims. 
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WHAT IS CLAIMED IS: 

1. A damascene interconnection, comprising: 

an interconnection trench formed in an insulating film and a pad trench 
communicating therewith; 

a protrusion formed by a portion not removed of said insulating film in said pad 
trench to decrease a substantial opening area of said pad trench; and 

a conductive film buried in said interconnection trench and said pad trench. 

2. A damascene interconnection according to claim 1, wherein said protrusion is 
formed not to divide said conductive film buried in said pad trench. 

3. A damascene interconnection according to claim 2, wherein said protrusion 
increase a plurality of island protrusions distributed at a proper interval in said pad trench. 

4. A damascene interconnection according to claim 2, wherein said protrusion 
includes a ridge. 

5. A damascene interconnection according to claim 1, wherein said protrusion is 
formed to divide said conductive film buried in said pad trench. 

6. A damascene interconnection according to claim 5, wherein said protrusion 
includes a closed-loop ridge encompassing one part in said pad trench. 

7. A damascene interconnection according to any of claims 1 to 6, further 
comprising a contact hole formed in said pad trench and electrically connecting between 
said conductive film and another conductive film arranged in a level lower than said 
insulating film. 

8. A semiconductor device, comprising: 
a semiconductor substrate; 

an insulating film formed on said semiconductor substrate; 

an interconnection trench formed on said insulating film and communicating with 



a semiconductor element; 

a pad trench formed on said insulating film and communicating with said 
interconnection trench; 

a protrusion formed by a portion of not removed of said insulating film in said pad 
5 trench and reducing a substantial opening area of said pad trench; and 

a conductive film buried in said interconnection trench and said pad trench. 

9 . A semiconductor device according to claim 9, wherein said protrusion is formed 
not to divide said conductive film buried in said pad trench. 

10. A semiconductor device according to claim 9, wherein said protrusion 

10 includes a plurality of island protrusions distributed at a proper interval in said pad trench. 

11. A semiconductor device according to claim 9, wherein said protrusion 
includes a ridge. 

12. A semiconductor device according to claim 8, wherein said protrusion is 
formed to divide said conductive film buried in said pad trench. 

15 13. A semiconductor device according to claim 12, wherein said protrusion 

includes a closed-loop ridge encompassing one portion in said pad trench. 

14. A semiconductor device according to any of claims 8 to 13, further comprising 
another conductive film formed in a level lower than said insulating film, and a contact 
hole formed through said insulating film in said pad trench and electrically connecting 

20 between said conductive film and said other conductive film. 



25 
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ABSTRACT OF THE DISCLOSURE 

A semiconductor device includes an insulating film. On this insulating film, 
formed are an interconnection trench communicating with a semiconductor element and a 
pad trench communicating with the interconnection trench. In the pad trench, a 
protrusion is formed by leaving one part of the insulating film. A conductive film is 
formed over the insulating film including the interconnection and pad trenches. 
Thereafter, the conductive film is removed by a CMP process. At this time, the 
protrusion serves to prevent the conductive film in the pad trench from being over- 
polished. 
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Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 

TiEWft^W^S^^c: L "C. S.l££TF<0i3 0 SatL'S"**. As a below named inventor. I hereby declare that: 



Tffi(0**olSWK:iaL-cai*fflilcEatc;Jx. WSFiiJJB 



My residence, post office address and citizenship are as stated 
next to my name. 



I beiieve I am the original, first and sole inventor (if only one name ! 
is listed below) or an original, first and joint inventor {If plural j 
names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 



DAMASCENE INTERCONNEXJPION AND 



SEMICDNDUCTOR DEVICE 



± Zl 5» ^ CD m aSF (T 2E <f) IS T?xSl v * T V * v * 11 . the specification of which is attached hereto unless the following 
ZTSiZmn) tt. bojischecked: 



3>£ - i*r2.*3 2i-. 



G3 was filed o« January 22, 1999 

PCT International Application Number 

PCT/JP 99/00225 and was amended on 

(if applicable). 



I hereby state that I have reviewed and understand the contents of 
the above identified specification, including the claims, as 
amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37. Code of Federal Regulations. 
Section 1.56. 



Burde< 
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Japanese Language Declaration 

(B^lff) 



*!3J*JM?3 5)3 I t 9 2> (a)-(d) 3 6 5* 

(b) #;c3E#"rT&<0. * S;>?Vtf5iStf5'>^< 4 t — ±8£rS 
ZL.T-.'oSJFiftTJftW 3 6 5 (a) ^fiicai" < HRUUfl. X 

li^iaaTiDWjFajjatu < !£3s™*2«{BW=-=-v'>-c*5rtis 

xyjJH^ iWfZ i2 IS $ r- ^#3T = fc^J-ffSEcOfr-gitilflSriii. 
Tic. — ^i-o ~ 4 ^LTV^*-*-. 

Prior Foreign Applicatior»(s) 

10-11354 Japan 

(Number) (Country) 



i hereby claim foreign priority under Title 35. United Slates Code. 
Section 119 (a)-(d) or 365(b) of any foreign application^) for patent 
or inventor's certificate, or 3654a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box. any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 

23 January 1998 



(Day/Month/Year Filed) 



(Number) (Country) 

a <*■*> 

!;0 ftJi. 3P5 3 5JC*STfi«l 1 9*(«)aHcav'TTCW* 



lji (Application No.) (Filing Date) 

« (ww*) (a«B) 

Ci fU±. "FI£<7>*i3j£aS!3 581 2 Q3eKlSv*-CT3£<D#: 

r[jlS#»l«WCE«SJx/!:rlfil. 211*3**2 L TV 

U B***5 3 6S*(c) elf Li t\ ■£ 

TcO*!!G!cpiCA^$rv2t. iI*S«ai|c?fc5B3 7»ljfe5 6* 
7SaS*t/iW»R*(D#«IClBi-5M*flWIK:ov»rH! 



(Day/Month/Year Filed) 

I hereby claim the benefit under Title 35, United States Code. 
Section 119(e) of any United States provisional applications) listed 
below. 



(Application No.) (Fiiing Oate) 

(SSIW*) (ifcMS) ' 

I hereby claim the benefit under Title 35. United States Code. 
Section 120 of any United States application(s), or 365(c) of any 
PCT International application designating the United States, listed 
below and. insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35. United States Code Section 112. I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56 which became available between the filing date of the 
prior application and the national or PCT International filing date of 
application. 



(Application No.) 
(BIB**) 



(Application No.) 



(Filing Date) 
(SHB) 

(Filing Date) 



(Status: Patented, Pending, Abandoned) 
(US : »fFSF-5T«. fit*?. SC^JJF) 

(Status. Patented, Pending. Abandoned) 



.ec«snfca»(oa?!&rjttittw^«fT»ii*Bi'is«* 

1 8)691 0 0 lieJca-f*. F1£*fcl±1*rSe. ^L<!±* 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor. 1 hereby appoint 
tne following attomey(s) and/or agent(s) to prosecute this 
application and transact ail business in tne Patent and Trademark 
Office connected therewrtn (list turn anrf r+gatnuian number) 



And I hereby appoint as principal attorneys: 



The attorneys and agents of Hoffmann & Baron, 
LLP , as listed on the attachment (Page 5a) 



Please direct all communications to the following address: 
Gerald T. Bodner. 



Hoffmann & Baron. _LLP 



6900 Jericho TurnpiltP 



Syosset, New York 11791 



Full name of sole or first inventor 



Sfr 



r& sgnaiure r 



Oate . / 



Resia erica'' 

Ukyo-ku, Kyoto-shi. KYOTO 615-0045 



Cieensnip 
Japanese 



Past Office Address c/o Rohm Co., Ltd. 

21 , Saiin Mizosaki-cho f Ukyo-ku, Kyoto-shi, KYOTO 615-0045 



Jc 



.pan 



Full name of second joint inventor, if any 

HMreir^ TtTTMaMfTPn 



Second inventor's signature 



Ukyo-ku, Kvoto-shi . KYOTO 6 15-0045 



mm 



Japanese 



Post Office Address c/o Rohm CO., Ltd. 
31. Raiin Mizosaki-cho . Ukvo-ku. Kvoto-shi, KYOTO 615-0045 J]ap4n 



(S^.^iSO JSfif? * a j91-§"(^'3<- u^lSfiC324£ L . S=S ^TT - (Supply similar information and signature for third and suBsequent 
5 1 i) joint inventors.) 



Page 3 of 5 







O 0° 


Ft* nana of tort joint mentor, if any 








Third inventor's signature Date 


&m 






Rtadenc. l~7jtyL-J 
Ukyo-ku, Kyoto- shi. KYOTO fii 5-0045 Japan 


®n 






CitiZBnslap 

Japanese 




21, Saiin Mizosaki- 


Poa office Address c/o Rohm Co., Ltd. 
-cho, Ukyo-ku, Kyoto-shi, KYOTO 615-0045 Japan 










Full unit of fourth join inventor, if any 


•"=3 






Fourth inventor's signature Date 








Resident:* 


J^P* Cifcoiship 


Iff^H Post Offiea Address 










Ful norm of fifth join inventor, if any 




Btt 




Fifth mentor's signature Date 








Residence 










Post Office Address 










FuB noma of sinh joint inventor, if any 








Sixth inventor's signature Date 








Residence 


Citizenship 








Post Office Address 
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Fufl nana of awrti joint irwwitar, if any 








aft 


Savcnth 'monsr's sgnatm 


Data 








Rotieoca 






S3» ChizsKN. 






Post Offica Adirrn 












hi nam ol ogteb join imremor. if any 






. ~ 




Eighth SlVoilm's 9QMIW8 


Oau 








ftaidenca 






lis 




Clianship 






Pojt Office Atktrts 

1^ ... i .. 








FuJI urns of raatn joint inventor, if any 










Ninth invent*'* sgnatoa 


Data 








ftesdenn 






^355 Gtovisitip 






Post Offica Adtas 












ful una af testa joint inventor, if any 








Btt 


Tenth inventor'] ggnatura 


Data 








Residence 






SJS CitaauKii 






Pgst Olfica Adorett 
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ATTACHMENT 5a 



Hoffmann & Baron, LLP 



6900 Jericho Turnpike 
Syosset, New York 1 1791 

Charles R. Hoffmann, Reg. No . 24.102 
Ronald J. Baron, Reg. No. 29.281 _ 
Gerald T. Bodner, Reg. No. 30,449 

A. Thomas Kammer, Reg. N o. 28,226 

Irving N. Feit, Reg. No. 2 1601 
Alan M. Sack, Reg. No. 31^874 
Algis Anilionis, Reg. Nor3^995ZT 
Gregory W. Bachmann, Reg. N o. 41.593 
Anthony E. Bennett, Reg. No. 40.9 1Q 
: -~James F. Harrington, Reg. No.^ 44.741 
jGlenn T. Henneberger, Reg. No . 36,074 
SJustin K. Holmes, Reg. No. 42.666 
□Richard LaCava. Reg. No . 41,135 
iJKeith R. Lange, Reg.No L 44,2Ql 
"JlKevin E. McDermott, Reg. No. 35,946^ 
^Robert C. Morriss, Reg. No_42,910,._ 
iS Samir R. Patel, Reg. Nn _ 44 1 99S 
□R. Glenn Schroeder. Reg. No^4^20__ 

MSusan A. Sipos, Reg. No.43,P8 . 

^Roderick S.W. Turner, Reg. Nn 38 639 
;;*Steven T. Zuschiag, Reg. Nn__43 T 309 , 



1055 Parsippany Boulevard 
Parsippany, New Jersey 07054 

Daniel A. Scola, Jr., Reg. ^ 29,855 
Salvatore J. Abbruzzese, Reg. No. 30,152 
Kirk M. Miles, Reg. No. 37,891 ~ ~~ 
Robert F. Chisholm, Reg. N o. 39,939 
Kellyanne Merkel, Reg. No. 43,800 
Keith R. Lange, Reg. No. 44^201 
Barry Jacobsen, Reg. No. 43,689 
John S. Sopko, Reg. No. 41,3"2T 
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